We report a case of a 57-year-old man with bilateral masses in the internal auditory canal. The peculiar findings at magnetic resonance imaging with tridimensional fluid-attenuated inversion recovery sequence combined with clinical data provided new insights into understanding the pathophysiology of the hearing loss.
Introduction
Different expansive lesions can involve the internal auditory canal (IAC) and the cerebello-pontine angle (CPA). Primary lesions include most frequently vestibular schwannomas and meningiomas; however, metastatic lesions have also been reported. [1] [2] [3] [4] Patients with expansive lesions of the IAC develop sensorineural hearing loss (SNHL); however, the pathophysiology of hearing loss associated with lesions of the IAC is unknown. It is usually attributed either to direct compression or infiltration of the cochlear branch of the VIII nerve, or to vascular compression in the IAC leading to peripheral ischaemia, or to indirect damage of the blood-labyrinth barrier within the cochlea.
We report a case of supposedly bilateral metastases in the IAC from skin melanoma in which the implementation of the magnetic resonance imaging (MRI) study with a three-dimensional (3D) fluid-attenuated inversion recovery (FLAIR) sequence helped understanding the different pathophysiological mechanisms of SHNL in the two ears.
Case report
A 57-year-old man was evaluated in our department for cochlear implant candidacy in bilateral profound SNHL. There was no prior history of temporal bone fracture, meningitis, autoimmune disease or exposure to ototoxic drugs. Four years earlier, he had undergone excision of a melanoma of the skin in the lumbar region and a concurrent inguinal lymph node dissection, followed by prolonged treatment with monoclonal antibodies and checkpoint inhibitor immunotherapy. Up to 4 months before, he was considered free from disease. Two months prior to admission, the patient suffered a sudden profound SNHL in the right ear, associated with intense vertigo, not responsive to systemic corticosteroids. Six weeks later he complained of a rapidly progressive hearing loss in the left ear, and followed a few days later by a left facial paresis and a mild dysgeusia.
The audiometric testing confirmed a bilateral profound SNHL with complete anacusis in the right side and a pure-tone threshold average of 100 dB HL at 500, 1000, 2000, 4000 Hz in the left, with absent speech discrimination without lip reading. Otomicroscopy and tympanograms were normal on both sides. At clinical examination the patient had a facial paresis ( 6 Our patient showed a very poor temporal and frequency discrimination, resulting in a very low residual functioning of both VIII cranial nerves.
MRI, performed using a 3 Tesla scanner (Achieva, Philips Healthcare, the Netherlands) showed bilaterally a mass of soft-tissue signal inside the IACs, protruding slightly into the CPAs but without mass effect on the brainstem (Figure 1 ). The soft tissue was hyperintense on unenhanced gradient echo (GRE) T1-weighted images (Figure 1(a) ) and hypointense on 3D steadystate free procession T2-weighted compared to the cerebrospinal fluid (CSF) (Figure 1(c) ); it enhanced after intravenous administration of contrast agent (0.1 ml/kg of Gadovist, Bayer Schering Pharma, Germany) on GRE T1-weighted sequence (Figure 1(d) ). The inner ear structures had normal morphology and no signal abnormalities of the intralabyrinthine fluids were observed on unenhanced T1 and T2-weighted images (Figure 1(a) and (c)); instead, unenhanced 3D FLAIR sequence with fat suppression showed hyperintensity of the right cochlea and vestibule, suggesting an increased protein content in the intralabyrinthine fluids, and the absence of hyperintensity in the left cochlea (Figure 1(b) ). After the administration of contrast agent no enhancement was observed in the inner ear structures on GRE T1-weighted sequence (Figure 1(d) ).
Considering the patient's history, MRI findings suggested the diagnosis of metastases of melanoma. The patient underwent CSF sampling through a lumbar puncture: the fluid was type B, clear, xanthochromic, with normal levels of glucose (99 mg/dL) (normal values 60-80% of serum level), raised CSF proteins (133 mg/dL) (normal values10-45) and mononuclear cells. A further MRI of the spine and whole-body positron emission tomography showed a disseminate meningeal metastatic disease, in the absence of other symptoms. The perspective of a cochlear implant was discarded and the patient was referred to the oncologist for consultation.
Discussion
We report the case of bilateral metastases of skin melanoma in the IAC, focusing on the distinctive features at MRI and on their relationship with the onset and progression of hearing loss.
The MRI findings of the inner ear in our case were peculiar: 3D FLAIR sequence showed a hyperintensity of the intralabyrinthine fluids within the cochlea and vestibule of the right ear, which suffered from abrupt, profound onset of deafness and vertigo. The hyperintensity on 3D FLAIR sequence is attributable to an increased protein content in the intralabyrinthine fluids. 7, 8 This assumption is in agreement with that reported by Silverstein and Schuknecht in 1966, who demonstrated that in patients with vestibular schwannoma the total perilymph protein was approximately nine times more than that in normal perilymph. The authors obtained a sample of inner ear fluids through a hole in the stapes footplate by using a micropipette. 9 Although the anatomical differentiation of endolymph from perilymph has recently been demonstrated possible by acquiring a 3D FLAIR sequence at 4 hours after intravenous administration of contrast agent, 10 the 3D FLAIR sequence can still not determine whether proteins increase in the perilymph or endolymph. Various explanations for increased intralabyrinthine protein content in vestibular schwannoma have been proposed: (a) blockage of neuroaxonal transport of proteins by tumour-related compression of the cochlear nerve; (b) cochlear membrane damage by arterial stasis resulting in increased permeability; and (c) cellmediated immune reaction in the inner ear to antigenic components of vestibular scwhannomas. 6 The absence of high signal on T1-weighted images in the right inner ear excluded the presence of metahaemoglobin in relation to a subacute intralabyrinthine haemorrhage, but it did not rule out an older haemorrhage with the presence of haemoglobin in another phase of degradation. The absence of enhancement after contrast agent administration excluded the intralabyrinthine melanoma diffusion. Thus the combination of MRI sequences suggested acute right cochlear damage.
Conversely, on the left side, where the progression of the SNHL was gradual, no abnormalities of the intralabyrinthine signal were detected on MRI, possibly indicating a direct neoplastic infiltration of the cochlear nerve. This assumption is also supported by the clinical evolution of the disease: one week after the progression to profound hearing loss in the left ear, the patient also manifested an ipsilateral facial paresis.
To the best of our knowledge no previous studies have previously reported patients with bilateral pathological involvement of the IACs, but with different intralabyrinthine magnetic resonance signal patterns and corresponding audiological findings.
Unlike the radiological pattern of the inner ear that is really peculiar in this case, the IAC profile at MRI was very typical. Usually, bilateral IAC masses induce the assumption of neurofibromatosis type 2; they typically present as hysointense or hypointense on precontrast T1-weighted MRI. Conversely, bilateral melanoma metastases, which are very rare, 11 are characterised by hyperintense soft tissue masses within the IAC on precontrast T1-weighted MRI, as in our case. Furthermore, the clinical presentation was also different in age, onset and vestibular symptoms.
This case demonstrated that MRI with 3D FLAIR sequence for study of the inner ear, combined with the audiological examination, may provide new insights into the pathophysiology of the hearing loss in patients with masses of the auditory canal. In particular, it may help differentiate between direct infiltration of the cochlear nerve and indirect cochlear damage. Other studies on larger series are needed to substantiate our observation.
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